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DIGITAL TRAIN SYSTEM FOR AUTOMATICALLY DETECTING TRAINS 

APPROACHING A CROSSING 

[0001] This application claims priority from Provisional Application No. 
60/447,195, filed on February 13, 2003. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to railway road crossing systems. 
More particularly, the invention relates to a system and method for automatically 
detecting the presence and movement of a railway vehicle within a detection area of a 
railroad track and the control of the road crossing system. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] There is a need for a train detection system and method for railroad 
grade crossings that provides for an accurate detection of trains approaching, 
tra^rsing, resting within and exiting the detection area associated with a railroad 
grade crossing which adequately covers the detection area and that is immune from 
external interference and noise. 

[0004] There is also a need for a system that is less costly than currently 
available systems. Such a system and method monitors the railroad track associated 
with the railroad grade crossing and determines when a train is within the railroad 
grade crossing detection area by detecting only the well-defined detection signal, 
thereby excluding all possible echoes, interference signals and noise. 

[0005] The present system provides improvements in the transmission of the 

track circuit signal to reduce the total harmonics that are transmitted on the railroad 
track. The system also provides for improvements in the detection of the received 
signals, the filtering of the received signals, and the processing of the received signals 
to determine the presence and signal characteristics of the received track circuit 
signal. These improvements enhance the ability of the track circuit system to operate 
in noisy and harsh environments and to detect the presence, movement, location and 
speed of a train. Other aspects of the present system provide for the decrease in the 
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separation required between operating frequencies of track circuit systems, an 
increase in the number of compatible operating frequencies within the allocated 
frequency band for such systems, and improved frequency management of the 
operating frequencies for railway track circuit equipment. Another aspect of the 
present system provides for improvements in the design, cost, implementation and 
methods of operations of track circuit detection equipment. 

SUMMARY OF THE INVENTION 

[0006] In one aspect of the invention, a train detection system is provided for 
detecting the presence and/or position of a railway vehicle within a detection area of a 
railroad track having a pair of rails and an identified impedance within the detection 
area. The presence and position of the railway vehicle within the detection area 
changes the impedance of the track. The train detection system includes a first 
transmitter connected to the rails of the railroad track for transmitting along the rails a 
first signal having a predetermined magnitude and a predetermined operating 
frequency. A receiver connected to the rails receives the first signal. A first data 
acquisition unit coupled to the first transmitter and the receiver is responsive to the 
transmitted first signal and the received first signal to generate first multiplexed 
analog signals that represents the transmitted first signal and the received first signal. 
A first converter converts the first multiplexed analog signals into a plurality of first 
digital signals that correspond to the transmitted first signal and the received first 
signal. A processor is responsive to the first digital signals for processing the first 
digital signals to determine the frequency and magnitude of the transmitted first signal 
and the received first signal. 

[0007] In another aspect of the invention, a train detection system is provided 

for detecting the presence and/or position of a railway vehicle within a detection area 
of a railroad track having a pair of rails and an identified impedance within the 
detection area. The presence and position of the railway vehicle within the detection 
area changes the impedance of the track. The train detection system includes a first 
transmitter connected to the rails of the railroad track for transmitting along the rails a 
first signal having a predetermined magnitude and a predetermined operating 
frequency. A second transmitter connected to the rails of the railroad track transmits 
along the rails a second signal having a predetermined magnitude and a different 
predetermined operating frequency. A receiver connected to the rails receives the 
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first and second transmitted signals. A first data acquisition unit coupled to the first 
transmitter and the receiver is responsive to the transmitted first signal and the 
received first signal to generate first multiplexed analog signals representing the 
transmitted first signal and the received first signal. A second data acquisition unit 
coupled to the second transmitter is responsive to the transmitted second signal and a 
received second signal to generate second multiplexed signals representing the 
transmitted second signal and the received second signal. A first converter converts 
the first multiplexed analog signals into a plurality of first digital signals that 
correspond to the transmitted first signal and the received first signal. A second 
converter converts the second multiplexed analog signals into a plurality of second 
digital signals corresponding to the transmitted second signal and the received second 
signal. A first digital signaling processor responsive to the first digital signals 
processes the first digital signals to determine if the frequency of the received first 
signal is within a first passband frequency range. The first passband frequency range 
is a function of the frequency of the transmitted first signal. A second digital 
signaling processor responsive to the second digital signals processes the second 
digital signals to determine if the frequency of the received second signal is within a 
second passband frequency range adjacent to the first passband range. The second 
passband frequency range is a function of the frequency of the transmitted second 
signal. A processor responsive to the first digital signals processes the first digital 
signals to determine the frequency and magnitude of the transmitted first signal and 
the received first signal to determine an impedance of the track as an indication of the 
presence and/or position of a train within an approach detection area when the 
received first signal is within the first passband frequency range. The processor also 
responsive to the second digital signals processes the second digital signals to 
determine if the magnitude of the received second signal is above or below a 
threshold value as an indication of the presence of a train within an island detection 
area when the received second signal is within the adjacent passband frequency range. 
[0008] In yet another aspect of the invention, a method is provided for 
detecting the presence and/or position of a railway vehicle within a detection area of a 
railroad track having a pair of rails and an identified impedance within the detection 
area. The presence and position of the railway vehicle within the detection area 
changes the impedance of the track. The method includes transmitting along the rails 
a first signal having a predetermined magnitude and a predetermined operating 
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frequency. The method also includes receiving the first signal being transmitted 
along the rails. The method also includes generating a first analog signal that 
represents the transmitted first signal and the received first signal. The method further 
includes converting the first analog signal into a plurality of first digital signals that 
correspond to the transmitted first signal and the received first signal. The method 
further includes processing the first digital signals to determine the frequency and 
magnitude of the transmitted first signal and the received first signal to determine an 
impedance of the track as an indication of the presence and/or position of a train 
within an approach detection area. 

[0009] Other aspects and features will be in part apparent and in part pointed 
out hereinafter . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Figure 1 is a schematic illustration of a railway road crossing detection 
system for a single road crossing. 

[0011] Figure 2 is a schematic illustration of two adjacent and overlapping 
railway road crossing detection systems. 

[0012] Figure 3 is an exemplary graph of the impedance of the railroad track 
as a function of the distance and the operating frequency between 80 Hz and 1,000 
Hz. 

[0013] Figure 4 is an illustration of a prior art railway approach track circuit 
receiving system filter design for three typical operating frequencies. 

[0014] Figure 5 is an illustration of the effective filter design for an approach 
track circuit consistent with one aspect of the invention. 

[0015] Figure 6 is an exemplary circuit design of a combined approach track 
circuit and island track circuit system. 

[0016] Figure 7 is an exemplary flow chart illustrating a method for detecting 
the presence and/or position of a railway vehicle within a detection area of a railroad 
track consistent with one embodiment of the invention. 
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DESCRIPTION OF THE INVENTION 

[0017] Railway road crossing warning systems provide protection of crossings 
by detecting train presence and motion, and activating the crossing warning systems 
such as bells, lights, crossing gate arms, within a specified time period before the 
arrival of a train at the road crossing. Train presence near the crossing and motion 
towards/away from the crossing is detected by transmitting signals on the railroad 
tracks. Train presence is detected by receiving the transmitted voltage as propagated 
over the railroad track as a transmission medium. Train motion is determined by 
monitoring the current and voltage applied to the railroad track to determine the 
impedance of the track, from the crossing to the train. 

[0018] Fig. 1 illustrates a typical prior art railroad grade crossing track circuit 
100 with a single railroad track 102 that is comprised of a pair of running track rails 
104 and 106 and road crossing 108. For proper operation, the railroad track on either 
side of the road crossing 108 must be monitored for the presence and movement of a 
train approaching on the track 102 from either side of road crossing 108. The 
maximum length of a railroad grade crossing system's surveillance area, or effective 
approach distance, is limited by external conditions and by the frequency of the 
detection signal applied to the track 102. 

[0019] A railroad grade crossing warning system employs two different track 
circuits to perform train motion and presence detection. By measuring the voltage and 
current and determining the impedance of the track between the crossing and the train, 
the approach track circuit 128 detects the motion of an approaching train at a distance 
up to 7,500 feet on either side of the road crossing 108. The approach track circuit 128 
determines the distance of the train from the road crossing and detects the movement 
of the train within the approach track surveillance area 132 and 134. The approach 
track system measures the voltage, current and impedance and provide this data to an 
external crossing system that determines the speed of the approaching train and the 
time for the arrival of the train at the crossing based on the distance and the speed. 
The presence, position, and arrival time of the train are used to provide a constant 
arrival time notification of the crossing signal systems. A constant arrival time of at 
least twenty seconds prior to the arrival of the train that is independent of the speed of 
the train is often required. The minimum required distance of the surveillance area on 
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either side of the crossing is a function of the maximum speed for a train traversing 
that section of track and the desired warning time. 

[0020] The island track circuit 130 measures the presence of a train within an 
"island" which is a section of track in close proximity to the road crossing 108. The 
island 1 18 is usually around 100 to 400 feet spanning the road crossing 108. The 
island 118 provides a secure area that ensures that the crossing warnings systems 
operate when a train is near or within the island 118. See U.S. Patent No. 4,581,700. 
[0021] Fig. 1 further illustrates transmitter 110 with two points of attachment 
1 12A and 1 12B that attach to the rails 106 and 104 of track 102 on one side of the 
road crossing 108. The transmitter is positioned between 50 to 200 feet away from 
the road crossing 108. A receiver 114 also has two points of attachment to rails 106 
and 104 of track 102 on the other side of the road crossing 108 from the transmitter 
110. The receiver is also typically positioned 50-200 feet away from the road 
crossing 108. The distance between the transmitter 1 10 and receiver 1 14 is referred to 
as the island 118 with the transmission circuit created on the railway tracks referred to 
as the island track circuit 130. 

[0022] At longer distances away from the road crossing 1 08, on one or both 

sides of the rail, are termination shunts 120 and 124, which are connected to rails 106 
and 104 of track 102 by 122A/122B and 126A/126B, respectively. Shunts 120 and 
124 are placed between 300-7500 feet from the road crossing 108. The placement of 
the shunt is determined based on the speed of the train and the requirement that the 
road crossing warning system 100 provides at least a twenty second warning to 
vehicles and pedestrians using road crossing 108. Termination shunts 120 and 124 
are frequency tuned to look like a short circuit to the frequency of the approach track 
circuit 128, thereby creating track circuit 128. This creates a defined surveillance area 
132 and 134 on either side of the crossing 108 within which the approach track circuit 
and system detects the presence or movement of a train. While not necessary, in 
some prior art installations both the approach track signal 128 and the island track 
signal 130 are transmitted onto the track 102 via the same leads 1 12A and 1 12B. In 
other embodiments, a separate transmitter 110 may transmit the approach track signal 
128 separate from the island track signal 130. Additionally, in other embodiments, a 
separate receiver 114 may receive the approach track signal 128 separate from the 
island track signal 130. 
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[0023] The approach track circuit operates in the frequency range of 80- 1 ,000 
Hz. The approach track circuit 128 uses a lower range of frequencies compared to the 
island track circuit 130. As will be discussed, lower frequencies provide for longer 
distance detection capabilities due to the extended distance over which the impedance 
of the track is linear as a function of distance. The approach track signal propagates 
over long distances of track extending out from the crossing (called the approaches). 
The approaches are terminated by timed shunts at the endpoints away from the 
crossing, providing fixed impedance for each approach section at the tuned frequency. 
The receiver monitors the received voltage and transmitter monitors the transmitted 
current, which are then used to determine the impedance of the approach track circuit. 
The system monitors changes in the approach track circuit voltage and current levels. 
As a train moves into the approach, the axles provide an electrical shunt, which 
changes the impedance of the approach track circuit as seen by the detection system. 
The rate of change in this impedance is proportional to the speed of the train, thus 
providing for the detecting of the movement of the train. Using this information, the 
system may calculate a time at which the train will be at the crossing. In some 
systems, a constant warning time can be provided to motorists at the crossing 
independent of the speed of the train. 

[0024] The island track circuit 130 operates at higher frequencies to detect the 
presence of a train in the shorter island surveillance area 118. Typical operating 
frequencies are in the range of 2 kHz-20 kHz. When a train enters the island area 

118, the axle of the train shunts the island signal so that the signal transmitted is 
prevented from getting to the receiver. In this operation, the island track circuit 130 
and detection system determines that the train is in close proximity to the road 
crossing 108 and ensures that the warning systems are operating, and are not released 
until the train clears the island. In other island track circuit systems, the island track 
signal includes randomly generated codes, either on a continuous or burst basis. In 
these systems, when one or more consecutive codes fail to be received by the receiver, 
the warning system is activated. As a safeguard, the system is typically not 
deactivated, e.g., the all-clear signal is sent, until a predefined number of correctly 
received consecutive codes have been received. 

[0025] However, in the prior art, it has been difficult to operate train detection 
systems in an optimal manner where there is noise in the frequency spectrum utilized 
by the track circuit systems. This is especially the case where the optimal design 
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requires the use of lower operating frequencies due to the required surveillance 
distance. For example, where tracks have significant 50 Hz or 60 Hz noise associated 
with electrified track or near high power electric power lines, the use of lower 
operating frequencies for track circuits is prohibited due to poor accuracy of the 
detection system near the frequency of the noise. Additionally, adjacent and 
overlapping track circuit systems create design limitations related to the optimal 
selection of compatible frequencies to survey the desired distances of track. 
[0026] Fig. 2 illustrates the practical problem associated with adjacent road 
crossings and the associated adjacent and overlapping track circuit systems. On the 
left of Fig. 2 is a first track circuit system 100 associated with a first road crossing 108, 
which is similar to that described above in Fig. 1 . A first transmitter 110 and a first 
receiver 114 define a first island surveillance area 118. First shunts 120 and 124 
define the first left and first right approach surveillance areas 132 and 134, 
respectively. 

[0027] Similarly, a short distance from first road crossing 108, is second road 
crossing 208. The second track circuit system 200 also operates on the same railroad 
track 102. A second transmitter 210 transmits the island and approach track circuit 
signals associated with the second track circuit 200. The second transmitter 210 in 
conjunction with a second receiver 214 defines the second island surveillance area 
218. In this case, the second island 218 is adjacent to but not overlapping with the first 
island. However, in operation, it is likely that the distance between the first road 
crossing 108 and the second road crossing 208 results in an area of overlap between 
approach surveillance areas. Second shunts 220 and 224 define the left and right 
second approach surveillance areas, 232 and 234, respectively. In this illustration, the 
adjacent road crossings are positioned at a distance that results in the overlap of the 
right first approach area 134 with the left second approach area 232 thereby creating an 
approach overlap 202. This results from the required placement of second shunt 220 
within the track circuit defined by first shunt 124. The adjacent and overlapping 
approach track circuit system must operate at a frequency that does not interfere with 
or negatively affect the operation of the adjacent overlapping track circuit. Prior art 
systems require the deployment of complicated and costly analog bandpass filters to 
discriminate between the frequencies of overlapping approaches. Additionally, the 
adjacent overlap requires that frequency selection be designed to ensure continued 
operations of both systems. The selection of frequencies may be less than optimal or 
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desirable due to the need to provide necessary approach track circuit distance for the 
appropriate detection of trains by both systems. The selection of frequencies is 
directly related to the transmission or impedance characteristics of the track 102 for an 
operating frequency and the required approach length for a maximum speed train. 

[0028] As discussed above, the track circuit system transmits a signal on the 
track in order to detect the presence, position and movement of a train on the track. 
The railroad track is a communications medium for various track circuit equipment, 
cab signaling equipment as well as for the provisioning of electric power on electrified 
lines to provide power to electrified locomotives. Additionally, the tracks pick up 
electromagnetic radiation from many sources including proximate electric power lines, 
signals transmitted by adjacent tracks, etc. As such, the electronic signals on the track 
comprise a myriad of signal levels, frequencies, and harmonic content. 

[0029] Fig. 3 is a graph that illustrates the electrical impedance magnitude of 
the railroad track 102 as a function of frequency and distance. Fig. 3 illustrates the 
impedance characteristics of twenty eight (28) typical frequencies utilized by prior art 
crossing track circuit systems which operate in the frequency band of 80 Hz to 1,000 
Hz. The number of operating frequencies is limited as a function of the available total 
frequency bandwidth, the bandwidth required to detect each operating frequency and 
the bandwidth required for separation between operating frequencies. Moving on a 
curve from right to left for a given operating frequency is analogous to a train moving 
towards the crossing thereby reducing the surveillance distance of the approach track 
circuit. As the train approaches the road crossing 108, the axle of the train shunts the 
transmission prior to the shunt 120 or 124 and thereby decreases the length of the 
approach track circuit. 

[0030] The area of each curve where the slope decreases linearly as the track 
length decreases is the usable track length for a given frequency to effectively detect 
train motion and/or position. The usable approach length for a given frequency is the 
area to the left of the peak line 314. The impedance characteristics of the rail for each 
operating frequency results in a maximum usable length or "peak" on the impedance 
curve. At distances greater than where the peak occurs (as indicated by the region to 
the right of peak line 314), the impedance curve changes slope and the impedance 
decreases with increases in track length until the impedance reaches a constant 
impedance level that is independent of distance. At this point, the track appears to be a 
transmission line with a constant or characteristic impedance. The track length 
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associated with the peak is the maximum track length operable at a given frequency for 
a train detection system, as the detection system measures the change (increase or 
decrease) of the impedance over time to determine the movement of a train, the 
direction of travel and the distance of the train from the road crossing. This requires 
that the impedance is linear in nature as a function of distance. Distances that are to 
the right of the peak curve 314, result in the inability of the system to detect train 
movement, as the impedance does not linearly decrease as the train moves towards the 
crossing. Only systems designed to operate at selected operating frequencies at 
distances that are less than the distance of the impedance peak provides for the proper 
detection of train movement. 

[0031] Fig. 3 also illustrates that the lower frequencies are best for longer track 
surveillance distances as the peak of the lower frequencies occurs at greater distances. 
However, the higher frequencies provide a more accurate means of detecting trains 
because higher frequencies result in higher track impedance levels which can be 
detected with greater accuracy and provide greater variations of impedance per unit 
distance. Generally, the operating frequency for a particular approach track circuit is 
chosen as the highest frequency possible to drive a given track length. For example, 
for a track of maximum required detection range, impedance line 302 at the operating 
frequency of 86 Hz results in a peak at 304 which equates to a maximum operating 
distance of slightly over 7,000 feet. However, the value of the impedance of the rail is 
less than 1.15 Ohms and as the distance decreases, the change in the impedance value 
between 7,000 feet to 2,000 feet results in a reduction of 0.55 Ohms, which is only a 
change of 0.1 1 Ohms per 1,000 feet. In comparison, at the higher operating frequency 
of around 565 Hz as illustrated by curve 318, the peak detection distance is 3,000 feet 
producing an impedance of 2.65 Ohms. A decrease of 1,000 feet to 2,000 feet for this 
operating frequency results in a decrease of 0.3 Ohms that is a three fold increase in 
sensitivity. This is further illustrated by curve 328 at the operating frequency of 979 
Hz, which has a peak impedance of 4.0 Ohms at 2,000 feet. The impedance of the rail 
at 979 Hz drops to 2.8 Ohms at 1,000 feet for a sensitivity of 1.2 Ohms per 1,000 feet. 
This increased sensitivity provides for improved determination of the location and 
speed of the train traveling along track 102. It should be noted that Fig. 3 illustrates 
one embodiment of the track impedance as a function of frequency and distance. 
However, the relationship of track impedance to length and frequency will vary due to 
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other external factors such as track material, operating conditions, track conditions, 
and ballast conditions. 

[0032] Railroad crossing warning equipment has limitations with regard to the 

level of electrical noise that can exist within the operating environment such as to 
enable the system to reliably operate. As discussed above, the track contains noise 
from many sources. In fact, some track sections contain sources of electrical noise that 
are significant enough to provide an unsuitable transmission environment for the 
reliable operation of a railway road crossing detection system. One example, is in 
railroad operations with electrified rails, e.g., rails that carry electrical DC or AC 
energy to power the trains that operate on the rails. Electrified rails are often 
electrified with 50 Hz or 60 Hz AC power. In such situations, where prior art systems 
operate at the lower frequencies, the systems are not capable of filtering the necessary 
track circuit signals from the electrification power signals along with the associated 
harmonics and noise in order to make an accurate determination of train presence and 
motion. Without the ability to adequately filter the AC power noise signals and 
associated harmonics, the receiving system will not be able to adequately detect the 
transmitted track circuit signals. 

[0033] Additionally, stray electronic signals from adjacent crossings or 
adjacent railroad tracks "bleed" over into unintended railroad tracks through leakage in 
the ballast. This signal leakage can negatively effect the operation of the railroad 
grade crossing system. Due to leakage and approach track circuit overlaps, railroads 
are required to manage the operating frequencies of the various systems by alternating 
the selection of operating frequencies between adjacent crossings or adjacent railroad 
tracks. Such frequency management requires selecting operating frequencies with 
appropriate track distance capabilities but with necessary bandwidth separation based 
on the filtering capabilities of analog bandpass filters for each frequency. The goal of 
selecting frequencies is to reduce the chance that the leakage signal will affect the 
adjacent system. This is often manageable in the cases where the same railroad 
operator designs and operates all adjacent track, but becomes an administrative 
problem where adjacent tracks are designed and owned by another railroad operator. 

[0034] In one embodiment of the present invention, active phase cancellation 
noise reduction provides for reduced received noise from the signals present on the 
railroad track. This is especially beneficial in removing track circuit noise from 
external high power lines such as 60 Hz or 50 Hz power lines. By using active phase 
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cancellation, a band-pass filter is tuned to the frequency of an interference signal. The 
filtered noise signal is shifted 180 degrees and added back to the source signal. This 
results in the phase-shifted noise canceling the noise present in the source signal, 
thereby eliminating the interference from the signal. This improves the sensitivity of 
the receiver thereby improving the determination of the received signal and also 
results in a cleaner signal that results in improved signal detection. 
[0035] Typically, bandpass filters are used to recover signals at the frequency 
of interest and block signals of unwanted frequencies. Performance characteristics of 
bandpass filters include the bandwidth of the passband (e.g., 410, 420, and 430), the 
bandwidth of the stopband (e.g., 458, 460, and 462), the "sharpness" of the filter which 
is often defined as the slope of the transition region and the percent of energy of 
frequencies outside the stopband that are effectively blocked. Signals operating in the 
passband typically pass 100 percent of the signal, e.g., do not attenuate the signal. As 
illustrated in Fig. 4, the passband for an analog filter 410 is shown from 404 to 406 and 
the associated stopband 458 is from the frequency at 446 to the frequency at 448. For 
the analog filter shown, signals at frequencies outside of the stopband only pass 0.1 - 
0.01 percent of the signal or attenuate 99.9 - 99.99 percent of the signal. The analog 
filter has a wide range of frequencies between the passband and the stopband. This 
frequency range is referred to as the transition region, represented as one example for 
filter 410 in Fig. 4 as line 444 and line 416. Signals with frequencies within the 
transition region are attenuated by various levels based on the slope of the transition 
region curve. The more signal attenuated at a particular frequency or the smaller the 
desired transition region, the larger and more complex the analog filter required, hence 
the more components required and increased cost. 

[0036] The bandpass filter at one particular track circuit frequency may not be 
effective enough at blocking the next track circuit frequency due to the analog 
bandpass filter not being "sharp" enough, e.g. the slope of the transition region not 
being as steep as required thereby not attenuating to the desired level of signals for 
frequencies outside of the passband. The lack of sharpness in analog filters creates the 
operational need for many operating track circuit frequencies for situations involving 
adjacent crossings operating compatibility. Additionally, in high noise environments, 
the signal attenuation in the stopband or the transition region may not be sufficient to 
enable prior art systems from operating accurately at the required track circuit 
frequency. 
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[0037] Prior art railway road crossing systems employ analog bandpass filters 
to pass the frequencies of interest, while blocking the other received frequencies. 
These analog bandpass filters are typically tuned during manufacturing to a frequency 
of operation based on the designed operating frequency for a particular railway 
crossing system's deployment. In more recent prior art, programmable analog 
bandpass filters were developed where the frequency response of the filter could be 
altered during operation by software control. Typically multiple stages of analog 
filters are cascaded to provide increased noise rejection. In either case, analog 
bandpass filters introduced errors due to tolerance variances, temperature variations, 
and errors due to cascaded stage mismatches. 

[0038] The limitation of traditional railroad crossing warning equipment 

regarding immunity to electrical noise is the rejection characteristics of the analog 
filters. The typical threshold for noise immunity in prior art systems is 1% of the 
signal of interest, as indicated by 465 in Fig. 4. Any signal above 1% of the signal 
level of the frequency of interest, or any frequency inside the area of the filter response 
intersected by the 1 % noise immunity line (with same or greater strength as signal of 
interest) will adversely affect the ability of the warning system to precisely predict 
train movement. As discussed, the characteristics of train detection systems that utilize 
analog filters are less than desirable in high noise environments and in environments 
where multiple frequencies are required due to operating frequency separation 
requirements. 

[0039] Digital filters are programmable, and can easily be changed without 
affecting circuitry (hardware). In one embodiment, filtering is provided by a digital 
signal processor such that the filtering is implemented by software. This embodiment 
saves cost and board space as compared to prior art analog bandpass filters. Digital 
filters according to the present system are immune to fluctuations of component 
tolerances or temperature changes. The performance of the digital filters versus the 
cost to implement this function with analog filtering provides a significant 
improvement over the prior art. Digital filtering provides improved sharpness within 
the transition region and therefore more attenuation of signals at frequencies outside 
the passband than is available from practical analog filters. For example, increased 
rejection of frequencies around the target frequency is possible thereby allowing for 
previously incompatible adjacent frequencies to be used in a single implementation. 
This results in the possible elimination of required bandwidth for crossing system 
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operations that provides improved operations, reduced frequency interference with 
other operational systems and ease of frequency coordination and administration. 
Improved filtering also enables systems to be designed and operated with reduced 
frequency spacing between operating frequencies and enables systems to be designed 
and implemented with closer spacing of adjacent frequencies. This is especially 
important where there are a number of adjacent and or overlapping approach track 
circuits that, due to the high speeds of the operating trains and the close proximity of 
multiple track circuits, it is desirable to utilize an increased number of track circuits 
operating at lower frequencies such as in the 80 Hz to 150 Hz operating frequency 
range. 

[0040] In one embodiment, the present system has a digital signal processor 
(DSP) that employs a finite impulse response (FIR) or infinite impulse response (IIR) 
digital filter to limit the effects of out of band noise and interference on the 
measurement of the signal. In order to provide a sharp transition region between 
frequencies from filter passband to stopband and sufficient rejection in the stopband 
within a reasonable number of filter coefficients, the DSP filter employs a multi-rate 
technique to allow filtering at a sampling rate lower than the data sampling rate. The 
finite impulse response filter is implemented by a convolution of the source signal 
sample and the impulse response of the filter to be employed. The samples of the filter 
impulse response are referred to as filter coefficients. The filter is designed such that 
the transition region becomes more abrupt as the stopband rejection is increased, as 
the passband ripple is reduced, and as the sampling rate for the source signal 
increases. In these situations, the number of filter coefficients increases. The more 
filter coefficients required increases the required storage and processing time. 
Additionally, data overflow and quantization effects may cause distortion of the 
signal. On the other hand, accuracy in determining the amplitude of the source signal 
is largely dependent on sampling the source at a high rate, thus increasing the number 
of filter coefficients required. In order to balance these two conflicting requirements, 
one embodiment provides for a multi-rate filter design. In this embodiment, the 
source signal is sampled at a high sampling rate, and decimated by retaining only 
every nth sample, thereby effectively decreasing the sampling rate. The finite impulse 
response filter is run on this lower sampling rate, reducing the number of filter 
coefficients required. At the output of the filter, the filtered data is interpolated by a 
factor of N, thereby restoring the original high sample rate. Finally, an anti-image 



14 



EL 998652357 US 133197/GETS 5319.1 

PATENT 

finite impulse response is run on the interpolated data to eliminate spectral images of 
the interpolation frequency. Because the anti-image filter has less stringent 
requirements than the main data filter, it requires relatively few coefficients. The net 
result is a very high quality finite impulse response filter that can be run on the data 
with dramatically fewer coefficients than would be required without the multi-rate 
techniques. 

[0041] Another embodiment of the present system utilizes filtering that does 
not fluctuate or change over time, or as a result of changes in the temperature or 
operating voltage. For example, filtering provided by a digital signal processor (DSP) 
that is consistent with this system utilizes software filtering that has consistent 
attenuation characteristics independent of operational conditions. 

[0042] Another embodiment provides over-sampling, filtering, signal 

averaging, and correlation to provide for higher accuracy of the received signal and 
more confidence in the data used to determine presence and movement of a train 
within the crossing surveillance area. 

[0043] Another embodiment of the present system applies a correlation 
scheme to recover modulated signal from the environment including the noise or 
signals from adjacent railroad crossing warning systems. By cross-correlating the 
received signal with the signal that was transmitted, the noise or other unwanted 
signals is reduced relative to the signal of interest thereby increasing the signal to 
noise ratio. 

[0044] Another embodiment of the present system is applying matched filter 

correlation technique to maximize signal to noise ratio and thus give greater accuracy 
of the amplitude of the recovered signal. 

[0045] Another embodiment of the present invention is to over-sample the 

received signal to increase the signal-to-noise ratio and provide greater accuracy of 
recovered signal. Over-sampling the signal also allows the requirements for an 
external anti-alias filter, as needed to reject signals above Nyquist frequency, to be 
relaxed. This provides for improvement in the design for the anti-alias filter, and 
results in lower required cost. 

[0046] Another embodiment of the present invention applies signal averaging 
so that sum of coherent signals builds up linearly with number of measurements taken 
while noise builds up only as square root of number of measurements. This provides 
increased signal-to-noise ratio. 
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[0047] Another embodiment of the system provides for a gated reception by 
the receiver such that the received island signal is only received during a gated window 
that corresponds to the period that the island signal is transmitted along with a period 
of time required from the transmission from transmitter to receiver. By gating the 
island signal receivers to only receive the island signal during timeframes when the 
island signal is being transmitted, the probability of incorrectly responding to a 
different island circuit transmitter is reduced. 

[0048] Another embodiment of the present system uses a code word embedded 
in the track signal in place of random frequencies and cycle counts to uniquely identify 
a signal. A selected code word is modulated onto a signal transmitted to the track via a 
modulation scheme such as Quadrature Phase Shift Key. Received signals from the 
track are demodulated and examined for the presence of an embedded code word. If 
one is found, it is compared to the code word stored on the transmitting unit. The 
input signal is rejected if the code word does not match. This improves the existing 
arrangement by deterministically authenticating a signal, rather than depending on 
random correlation. Additionally, the capability of placing code words on the track 
signal allows one crossing control unit to pass information to an adjacent unit for status 
or incoming train alert. 

[0049] Referring now to Fig. 4, an analog bandpass filter passes frequencies 
that are within a defined range on either side of the operating frequency. The 
frequency spectrum of the bandpass filter where 100% of the signal is passed is called 
the filter's passband. Fig. 4 illustrates three typical operating frequencies of railroad 
crossing track circuits, 86 Hz 402, 1 14 Hz 418 and 135 Hz 428. A first analog 
bandpass filter 410 detects the 86 Hz track circuit signal with a low end of the 
passband being 404 and the high end being 406. Passband 410 is centered on the 
center operating frequency 402 and passes 100 percent of all frequencies between 404 
and 406. An example is an 86 Hz filter with a passband of 16 Hz, which passes 100 
percent of all frequencies between 404 which would be 78 Hz and 406 which would 
be 94 Hz. Passband filters with very narrow transition regions are difficult to produce 
and are very costly. However, it would be desirable to utilize a filter with a transition 
region that is sufficiently narrow to uniquely pass 100 percent of the desired 
frequency while sufficiently attenuating all other frequencies. A train detection 
system equipped with such a narrow bandpass filter would provide for improved train 
detection and would enable the use of operating frequencies that are significantly 
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closer to other operating frequencies. This is especially the case where operating in a 
high noise environment or in the presence of numerous other track circuits. 
[0050] Analog filters are not perfect filters and as such do not attenuate 1 00 
percent of the signal that is outside of the passband. This is illustrated in Fig. 4 by the 
slope of the leading edge 444 and trailing edge 408 of filter 410. Leading edge 444 
and trailing edge 408 attenuates at least 99.9 percent of the signal at frequencies that 
are outside of the stopband 458. However, an increasing percent of the signal level 
are passed at frequencies in the transition region that are closer to the passband. The 
area of the filter curve where the percent of the signal passed decreases is referred to 
as "rolloff ' or the transition region. The sharpness of this transition region as 
reflected by the slope of the curve directly affects the ability of the receive filters to 
reject frequencies that are close to the passband frequencies. Analog filters used in 
prior art train detection systems have a transition region rolloff of 20-100 db per 
decade of frequency. The sharper the rolloff, the larger and more costly the required 
analog filters. There are practical limits to the size of these analog filters based on 
cost and PC board space requirements. 

[0051] The impact of the limitations of analog bandpass filters negatively 
affects the ability to receive and detect the desired operating frequency and the 
received signal characteristics. The analog filter limitations therefore negatively 
affect the ability of the train detection system to determine the impedance and 
therefore determine the presence, movement, and speed of a train. The analog filter 
limitations also negatively affect the ability to use multiple operating frequencies 
within the desired operating spectrum. 

[0052] Referring again to Fig. 4, a second operating frequency 1 14 Hz is 
shown at 418. A second analog filter 420 has a passband from 422 to 424. The 
limitations of the analog filter result in a leading edge 414 and a trailing edge 426. 
The passband of the second filter 420 is different than the passband of the first filter 
410 and is separated by a separation band 412 to provide for the detection of 
frequencies only within the passband of the desired filter. However, as each analog 
filter is imperfect and passes signals operating at frequencies that are outside of the 
passband and in the transition regions as defined by the trailing edge 408 of the first 
filter 410 and the leading edge 414 of the second filter 420, the separation band is in 
some cases, not large enough to sufficiently attenuate frequencies associated with an 
adjacent bandpass filter. 
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[0053] Compatible operating frequencies are often chosen due to the 
limitations of the analog filters to attenuate frequencies outside of their passband. 
Adjacent analog filters provide a separation band 412, such that the lower adjacent 
filters only pass a predefined tolerance level of the signal associated with frequencies 
that overlap with an adjacent higher frequency filter. In this illustration, a typical 
overlap intersection at the 10 percent level is shown by point 416. In this example, a 
system operating with an 86 Hz bandpass filter would allow 10% of a signal at 
frequency 422 (which is the lower passband frequency of the 1 14 Hz filter) to pass 
through. With a noise threshold of 1%, this means that approach track circuits 
operating at 1 14 Hz are not compatible with overlapping approach track circuits at 86 
Hz. As a result, the next higher or lower frequency would need to be used. Operating 
systems require that an adjacent operating track circuit not have an overlap of its filter 
passband above the 1% noise threshold with an adjacent operating track circuit. As 
such, the operating frequency 402 with filter 410 could not be utilized in the same 
vicinity as operating frequency 420. The next compatible operating frequency with 
frequency 402 would be operating frequency 428 with bandpass filter 430 with a 
passband from 432 to 434. In this case, it can be seen that filter 430 transition band 
436 intersects filter 410 passband 406 below the 1% noise threshold. However, the 
utilization of operating frequency 428 may not be the optimal choice for that 
deployment, as it may not provide the necessary or desired surveillance distance 
required by maximum speed trains in that area. 

[0054] The present system utilizes a digital signal processing (DSP) system to 
provide both a narrower filter passband sharper transition band rolloff, and an 
improved filtering system with improved attenuation outside of the passband. As 
shown in Fig. 5, a first filter 510 consistent with the present system has significantly 
improved attenuation outside of the passband as illustrated by the increased slope of 
both the leading edge 544 and the trailing edge 508 of the transition regions. 
Attenuation characteristics outside of the passband as illustrated in Fig. 5 are not 
practically achievable with analog bandpass filters. The increased attenuation in these 
transitions regions provide improvements to the operation and detection of trains. 

[0055] An additional improvement is the increased signal to noise ratio of the 
signal that is provided to the signal detection system. By providing a strong signal 
with higher signal to noise ratio within the frequencies of the passband, the detection 
of the signal characteristics significantly improves. The detection system has a 
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cleaner signal to analyze and to make determinations of the voltage and current of the 
transmitted operating signal, and therefore the determination of the impedance. 
Another improvement of the present system is that the separation band between 
operating frequencies can be reduced due to the increased slope of attenuation in the 
transition region. As shown in Fig. 5, the level of overlap between the first filter 510 
and the second filter 520, as indicated by point 516 occurs below the noise threshold 
level of 1% indicated by 565. 

[0056] A filter design consistent with the present system provides for 
reductions in bandwidth of the required separation bands as a result of the improved 
sharpness in the transition regions. As such, operating frequencies may be utilized 
that are closer together than had previously been capable. Additionally, this makes 
adjacent frequencies usable on overlapping approaches, where they were previously 
incompatible. As shown in Fig. 5, with the increased slope of the transition regions, 
the separation between two filters may be reduced. For example, the separation band 
512 between filter 510 and filter 520 currently illustrates a passband to transition 
region crossing at point 517 at the <0.1 percent signal pass rate. With this intersection 
below the 1% noise threshold level, this means that the separating band 512 could be 
reduced and therefore operating frequency 418 could be reduced, e.g., could utilize a 
frequency that is closer to the frequency of 402. As shown in Fig. 3, in the operating 
frequency band of 80 Hz to 1,000 Hz, the prior art was limited to 28 operating 
frequencies due in large part to the limitations of analog filters. In contrast, a present 
system will provide for a reduction of required bandwidth of separation bands. This 
alone will result in the increase in the number of usable frequencies. 

[0057] Another operational improvement of the present invention is the 
improvements in the filters to provide for improved attenuation of noise and 
interference, especially noise or signals associated with electric power that operates at 
50 Hz or 60 Hz. By providing improved filtering of these power signals, track 
circuits utilizing lower operating frequencies, and therefore longer track length, may 
now be deployed on approach track circuits that are in harsh electrical or noisy 
environments that were heretofore not available for approach track circuit systems. 
This includes deployment on electrified track systems. 

[0058] Another operational improvement consistent with the present system is 

the reduction in the bandwidth of the filter passband. As discussed above, analog 
filters are limited in their ability to filter an individual frequency and therefore pass 
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frequencies between a high-end frequency and a low-end frequency, thereby defining 
the passband. One embodiment of the present system provides for significant 
reductions in the passband required to detect the transmitted frequency. Referring 
again to Fig. 5, passband 510 is centered on operating frequency 402. One 
embodiment of the present invention provides that passband 510 is narrower in 
bandwidth than the required passband as shown in Fig. 4 associated with operating 
frequency 402, e.g., passband 410. The prior art system as shown in Fig. 4 requires a 
passband such as 410 that is plus or minus 10 percent of the operating frequency. For 
example, at the operating frequency of 86 Hz, the total passband is approximately 16 
Hz, which is from 78 Hz to 94 Hz, e.g., plus or minus 8 Hz. In contrast, in one 
embodiment of the present invention, the passband is reduced to plus or minus 3 
percent of the operating frequency. In such an embodiment, the passband 410 for the 
86 Hz operating frequency would be from 83 Hz to 89 Hz, a significant reduction in 
the required bandwidth of the passband of the filter. This by itself provides for a 
substantial improvement in the signal to noise ratio that is analyzed to determine the 
operating transmission characteristics. 

[0059] Another improvement according to one aspect of the present invention 
results from both the reduction in the passband bandwidth and the required separation 
bandwidth, e.g., the reduction in the bandwidth of the associated filter stopband (e.g., 
553, 560, and 562). By reducing the stopband associated with each filter, frequencies 
that are significantly closer together now become compatible for use in adjacent 
systems. Referring again to Fig. 5, intersection of upper passband 506 of frequency 
402 and transition band 514 of frequency 418 occurs below the 1% noise threshold. 
As such, an 'operating frequency that is less than frequency 418 could be utilized as an 
operating frequency and still be compatible with the track circuit utilizing frequency 
402, whereas in prior art even frequency 418 was not compatible with frequency 402 
in overlapping approaches. 

[0060] By reducing the bandwidth of the passband, the detection system is 
provided with a narrower frequency range and cleaner signal with less noise from 
which the signal characteristics are determined. The narrower signal contains less 
noise and the detection of the signal is improved. This results in the ability to operate 
train detection systems in harsh environments that include other signals, considerable 
noise and harmonics. With narrower passband filtering, noise from power systems, 
electrification systems, cab signaling systems and adjacent and overlapping track 
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circuit systems is more effectively attenuated prior to the signal being provided to the 
detection system. 

[0061] Another operational improvement that results from reduced passband 
bandwidth of receiving filters is the ability to utilize operating frequencies that are 
closer together. In one embodiment with a 50 percent reduction in the passband 
bandwidth from the prior art of 16 Hz to 8 Hz, the number of available operating 
frequencies between 80 Hz and 1,000 Hz increases from 28 operating frequencies to 
42, a 50 percent increase. An operational improvement of the present system is an 
increase in the number of available frequencies is that selection of frequencies may be 
made that are more optimal for a particular approach track distance and maximum 
train speed. For example, the present system provides for more operating frequencies 
in the lower end of the frequency spectrum which enables longer approach lengths. 
Additionally, frequencies below 80 Hz are now usable as operating frequencies due to 
the improvements in attenuating other signals such as 50 Hz or 60 Hz electric power 
signals. By utilizing frequencies less than 80 Hz, as illustrated by Fig. 3, longer 
approach track lengths are possible. This is especially desirable as railway operators 
are designing systems with increased train speeds, that require approach lengths 
longer than before. 

[0062] Also, the improvement of the present invention provides for a 
reduction in the total number of frequencies required as operating frequencies of 
adjacent and/or overlapping track circuits may be "reused" more often and in closer 
proximity than prior art operating frequencies. 

[0063] The present system provides for a significant improvement in the 
operating characteristics of the track circuit transmission system by reducing the total 
harmonic distortion introduced to the railroad track 102 by the track circuit transmitter 
110. As discussed above related to noise, the tracks as a transmission medium contain 
considerable noise. Some of the noise is actually created by the prior art track circuit 
transmission systems through the creation, amplification and transmission of signals 
containing many harmonics. In fact, systems that transmit signals on the rails, 
including railroad grade crossing systems and coded cab signaling systems, are 
responsible for most of this harmonic noise content. Prior art track circuit systems 
produce considerable harmonic content. Significant levels of noise due to harmonics 
make it difficult to recover a systems own signal resulting in unreliable operation or 
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inaccurate warning time. In some cases, the crossing warning equipment cannot 
operate with other track equipment or vice versa, due to noise interference. 
[0064] Prior art track circuit transmitters generate a square wave signal that is 
filtered by analog filters to remove higher frequency harmonics. However, the filtered 
signal, while approximating a sine wave, includes many harmonics due to the 
limitations of analog filters in completely removing the harmonics and to thereby 
produce a pure sine wave signal. The filtered signal including the many harmonics is 
provided to an amplifier for transmission on the rail. The present invention provides 
the generation of a high fidelity sine wave with little to no harmonics from a sine wave 
generator using a digital signal processor. In one embodiment, the total harmonic 
distortion (THD) of the present system is less than one (1) percent for all frequencies 
between 80 Hz and 1 ,000 Hz. By using digital signal processors to generate high 
fidelity signals that are then amplified and transmitted on the track, the track 
transmission system has minimal noise associated with harmonics of the operating 
frequencies of the track circuit signals. In one embodiment, a digital signal processor 
cycles a sine wave generator circuit through a table of sine wave values at the specified 
rate to create a high fidelity sine wave at the frequency desired. Other embodiments 
for the production of a true sine wave with minimal distortion include sine wave 
calculation, sine wave look-up from ROM, direct digital synthesis (DDS), and 
recursive filtering and interpolation. The resulting sine wave signal is amplified by a 
low distortion power amplifier, and the signal that is applied to the tracks has very 
little harmonic content. This solution enables railroad crossing equipment to easily 
detect and recover its transmitted signal resulting in improved reliability and better 
accuracy. It also allows the crossing warning equipment to be compatible with a 
broader range of track equipment, by not generating interfering harmonic frequencies. 
[0065] In another embodiment of the present system, the system provides 
improved control of approach and island track circuit gain, enabling real time 
adjustments to the gain during operation of the system due to external and 
environmental factors. While the voltage and current levels transmitted on the track 
are typically calibrated or determined during initial system setup, the operating 
environment for the track circuit equipment is harsh, often experiencing significant 
variations in operating temperatures and conditions, including impacts of snow, ice, 
rain and salt on the impedance of the track and on the leakage that occurs from 
adjacent tracks. The present system provides for automated gain adjustments during 
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operation to ensure the system continues to operate at optimal transmission levels and 
such that the impedance curve and received data analysis is consistent. 
[0066] The present system provides for significant improvements to track 
circuit frequency management and operational methods for design, implementation 
and operations of track circuit systems. It is critical to the installation that the 
frequencies of operation for adjacent crossings do not interfere with each other. In 
order to obtain the most amount of flexibility for installations, railroads require that 
crossing protection systems have a large number of operating frequencies to choose 
from. As discussed above, the present system provides for an increase in the number 
of available operating frequencies within the operating band of 80 Hz to 1 ,000 Hz. In 
fact, the number of usable operating frequencies provided by the present system will 
increase due to the decreased bandwidth of the passband and the separation band. 
Additionally, the present system provides for the utilization of frequencies that are 
lower than previously used which not only increases the number of operating 
frequencies but also increases the maximum distance available for approach track 
circuits. Where prior art systems were limited in the number of available and 
compatible operating frequencies especially in the lower frequencies which are 
required for extremely long approach lengths, the present system's increase in 
operating and compatible operating frequencies in the lower frequencies ranges 
improves the design of track circuits thereby enabling more designs that are optimal 
for the particular track and train speed and less dependence on external factors such as 
adjacent signals and overlapping systems. More track circuits may now be 
implemented using longer approach distances, which allows crossing protection for 
faster moving trains. 

[0067] Referring again to Fig. 2, in metropolitan areas where there are many 

streets, track circuit overlaps occur. In these cases, or in cases where the approaches 
are just in close proximity (either on the same rail, or on an adjacent rail in double or 
triple track), each crossing's approach track circuit must operate at a different 
compatible frequency. As previously discussed, the availability of compatible 
frequencies is limited by the ability of the receiver circuits to pass the appropriate 
frequency while rejecting unwanted frequencies. In some cases with prior art 
systems, operating frequency selection requires that the system designer select a 
frequency that is less than optimal for a required track condition or required track 
circuit surveillance distance. This incompatibility in part has created the need in the 
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prior art for many operating frequencies between the desired operating frequencies of 
80 Hz and 1,000 Hz. As reflected in Fig. 3, some prior art systems have 28 defined 
operating frequencies in the 80 Hz to 1,000-Hz band in order to create enough 
compatible combinations for most operating railroad systems. However, where train 
speeds are high, the total number of compatible frequencies is considerably less than 
28 as only lower frequencies provide the necessary longer track lengths. 
[0068] The improved filtering and detection capabilities of the present system 
will significantly reduce the required frequency coordination between various track 
circuits, whether in adjacent, overlapping, or multi-track situations. The increase in 
the number of operating frequencies over the total operating frequency band will 
decrease the requirement for tuned shunts to terminate the approach track circuits as 
the variation of operating frequencies will be reduced. 

[0069] A system, according to one embodiment of the invention, provides for 
the system determination of the optimal approach track circuit and island track circuit 
frequencies for a particular operational implementation. The system selects the 
optimal operating frequencies based on an automatic analysis of transmitted test 
signals onto an operating railroad track that includes noise and transmission signals 
from external signal sources, including power lines and other adjacent and/or 
overlapping track circuit equipment. The system determines the optimal operating 
frequency for a required detection distance as a function of the quality of the received 
signal in light of the noise and operating characteristics. As noted above, the exact 
frequency is not limited to predefined frequencies or channels, but is selected from an 
unlimited number of operating frequencies within the frequency band. 

[0070] In one embodiment, the present system automatically determines the 
thresholds in the number of recovered and validated island burst signals that 
determine whether the island should be declared as active or not active. The 
thresholds are determined based on the system analysis of test wave forms that are 
transmitted on the track for a particular track circuit implementation as a function of 
the quality of the signal in light of noise and transmission characteristics of the track 
as a transmission media. 

[0071] Similarly, in another embodiment the system provides for the 

automated determination of thresholds in the number of recovered and validated 
island burst signals used for the purpose of adjusting the time between successive 
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island signal bursts so that the response time of the system to a train entering or 
leaving the island is optimized. 

[0072] In another embodiment, automatic calibration of the approach and 
island track circuits is provided during initial system implementation such that the 
transmitted power is optimized for the particular track conditions. The system 
generates test track circuit signals for either the island track signal or the approach 
track signal, or both, and analyzes the received signals to optimize the signal to noise 
ratio such that the receiver optimally detects the transmitted signal and can optimally 
determine the presence and movement of a train. This improves the operations of the 
system and reduces the design and setup time. Furthermore, the system provides fine 
tune adjustments to the output power during operation to provide consistent received 
signal quality over the life of the system, independent of changes that result from 
external factors such as weather, noise, temperature, ballast conditions, and the 
presence of foreign substances such as ice, snow or salt. 

[0073] Referring now to Fig. 6, a system schematic of one embodiment of a 

track circuit 600 encompassing an approach track circuit 602 (e.g., 128) and an island 
track circuit 650 (e.g., 1 10) is illustrated. One embodiment utilizes dual digital signal 
processors (DSPs). A first digital signal processor (DSP A) 604 provides a sine wave 
output signal 626 to sine wave generator 606 to produce an approach sine wave 608 
that is a true sine wave with minimal harmonic content. The first DSP 604 provides 
an approach gain signal 624 that provides necessary gain control for the approach 
transmitter 610. Approach sine wave 608 is provided to the approach transmitter 610 
that amplifies the approach sine wave signal 608 based on approach gain signal 624 
and transmits the amplified approach signal on the rail 102 via the transmitter leads 
112Aand 112B. 

[0074] The approach track circuit 602 generates feedback 612 indicative of 
the voltage transmitted along the rail 102, and a feedback 678 indicative of the 
transmitted current. Differential amplifiers can be used to provide the transmitted 
voltage feedback 612 and the transmitted current feedback 678. For example, a 
differential input amplifier 607 is connected to lead 1 12A and lead 1 12B, and the 
output provides feedback voltage 612 representing the voltage of the transmitted 
approach signal. A resistor 609 is interposed in series with output lead 1 12B, and a 
differential input amplifier 611 has its inputs connected to the respective ends of 
resistor 609 in order to provide an feedback current signal 678 representative of the 
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value of the constant current applied to the track. A received voltage feedback 614 
represents the transmitted approach signal voltage picked up by the receiver via leads 
1 16A and 1 16B. In one embodiment, the receiver 615 is another differential input 
amplifier having its inputs connected to the tie points 1 16A and 1 16B, and the output 
signal from amplifier is a voltage representative of the received approach signal. 
Feedbacks 612, 678 and 614 are provided to the data acquisition system 617 
comprised of a track circuit feedback 616, anti-alias filter 618, and multiplexer 620. 
As known to those skilled in the art, multiplexing involves sending multiple signals or 
streams of information at the same time in the form of a single, complex signal (i.e. 
multiplex signal). In this case, the anti-alias filter 618 receives the transmitted voltage 
feedback 612, the transmitted current feedback 678, and the received voltage 
feedback 614 to eliminate, for example, noise in the received feedback signals. The 
multiplexer 620 is coupled to the anti-alias filter and multiplexes the filtered first 
transmitted voltage feedback 612, the filtered first transmitted current feedback 678, 
and the filtered first received voltage feedback 614 to generate a multiplexed analog 
signal 622. The multiplexed analog signal 622 is provided to an analog to digital 
converter 662 where the analog signal is sampled and digitized and converted into 
first digital signals that correspond to the transmitted voltage feedback 612, the 
transmitted current feedback 678, and the received voltage feedback 614. The first 
digital signals are digitally bandpass filtered within the DSP 604 and the filtered data 
is processed to determine signal level and phase. In particular, the first digital signals 
are processed to determine the frequency and magnitude of the transmitted voltage 
feedback 612, the transmitted current feedback 678, and the received voltage 
feedback 614. Processing the second digital signals also includes digitally filtering 
the second digital signals to determine if the frequency of the received voltage 
feedback 614 is within a first passband range. If the received voltage feedback 614 is 
determined to be within a first passband range, the DSP 604 uses the determined 
signal level (i.e., magnitude) and phase data to calculate the overall track impedance, 
which in turn determines the presence and motion of a train within the approach track 
circuit 128. In an alternate embodiment, the DSP 604 provides the data that includes 
the signal level and signal phase to a different processor (not shown) that calculates 
the overall track impedance, which in turn determines the presence and motion of a 
train within the approach track circuit 128. 
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[0075] Similarly, a second digital signal processor (DSP B) 654 generates a 
sine wave output signal 656 to a second sine wave generator 658 to produce an island 
sine wave signal 660. Island sine wave signal 560 is provided to island transmitter 
664 that amplifies the island sine wave signal 660 based on island gain control signal 
663 provided by the second DSP 654. This amplified island signal is transmitted onto 
rail 102 via the isolated transmitter leads 1 13 A and 1 13B. Of course in different 
embodiments, the island track circuit 110 may utilize the same set of transmit leads. 

[0076] The island track circuit 650 generates feedback 666 indicative of the 
transmitted voltage and generates feedback 670 indicative of the received voltage. In 
this case, a differential input amplifier 665 can be connected to leads 1 13A and 1 13B, 
and the output provides feedback voltage 666 representing the voltage of the 
transmitted approach signal. The received voltage feedback 670 represents the 
transmitted island signal voltage picked up by the receiver via leads 1 16A and 1 16B. 
The transmitted voltage feedback 666, and the received voltage feedback 670 are 
provided to the data acquisition system 671 comprised of a track circuit feedback 668, 
anti-alias filter 672, and multiplexer 674 to generate multiplexed analog signals 675. 
The second multiplexed analog signals 675 are provided to an analog to digital 
converter 676 where the signals are digitized and converted into second digital 
signals. The second digital signals are digitally bandpass filtered within DSP 654 and 
the filtered data is processed for determination of the signal level. In particular, the 
second digital signals are processed to determine the frequency and magnitude of the 
transmitted voltage feed back 666 and the received voltage feedback 670. Processing 
the second digital signals also includes digitally filtering the second digital signals to 
determine if the frequency of the received second signal is within a second passband 
range adjacent to the first passband frequency range. If the frequency of the received 
second signal is determined to be within a second passband range, the DSP 654 uses 
the determined signal level (i.e., magnitude) to determine train presence within the 
island 118. 

[0077] It should be recognized that other embodiments of the present system 
could utilize a single digital signal processor, or may utilize any number of digital 
signal processors and still be consistent with the aspects of the present invention. In 
one such embodiment, the dual DSPs as discussed above are operated in a redundant 
mode, where each processor separately detects both the island track signal and the 
approach track signal. In this embodiment, the dual DSPs provide their separate data 
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to an external system that compares the dual and redundant data and makes the 
necessary train warning determinations. 

[0078] Another embodiment of the present system is to sample the signal 
recovered from the track at an integer multiple of the frequency of the transmitted 
signal. Referring to figure 6, the DSP A 604 and sine wave generator 606 serve to 
create an approach sine wave signal 608 of frequency Af. To aid in the digital signal 
processing and ultimately increase the accuracy of the received signal, the DSP A 604 
provides a programmable clock in the form of approach sample clock (not shown) to 
the analog-to-digital converter ADC A 662 that is programmed to N times Af, where 
N is an integer value (i.e., 1, 2, 3. . ..etc.). The same method is used for the island 
circuit where DSP B 654 and sine wave generator 658 create an island sine wave 
signal 660 of frequency Ai. The DSP B 654 provides a programmable clock as island 
sample clock (not shown) to ADC B 676 programmed to Q times Ai, where Q is an 
integer value (i.e., 1, 2, 3. . ..etc.). N and Q are selected based upon the DSP FIR 
and/or IIR filter design requirements. This allows for the filter coefficients to be 
optimized to recover the transmitted signal in question and the resulting data 
acquisition and filtering of noise from the signal to be achieved by changing only the 
DSP software. 

[0079] Another embodiment of the present system is that the anti-alias filters 
are also programmable via the DSP software. Referring again to figure 6, DSP A 604 
presents a programmable clock 682 to anti alias filter A 602 that is programmed to M 
times Af. Similarly DSP B 654 provides a programmable clock to anti alias filter B 
672 programmed to P times Ai. In one embodiment, the anti alias filter circuits re 
realized using a switched-capacitor filter device. M and P are selected based upon the 
device requirements and anti alias filter (AAF) requirements for rejecting out of band 
signals. This allows the desired bandpass filtering to be achieved by changing only 
the DSP software. 

[0080] Another embodiment of the present system is that by making the data 
acquisition sampling clocks and anti alias filter clocks programmable, only one 
configuration of hardware is needed to realize and support the entire range of 
frequencies for a railroad grade crossing system. This reduces cost for the 
manufacturer in the form of a reduced number of systems that have to be 
manufactured and stocked and also for the user in that a fewer number of spare 
systems have to be purchased and maintained. 
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[0081] While the improved system and technique of this application for the 
generation and detection of signals sent along railroad rails has been described in 
conjunction with railroad crossings, and more particularly in connection with the 
detection of trains approaching such crossings, the system and technique of this 
invention may be used in other railroad wayside applications. For example, the 
system and technique may be used for train detection in connection with the operation 
of interlocking equipment for switches between tracks. 

[0082] Further, the system and technique may be used in track circuit 
applications in which the transmitter and receiver are located at spaced locations 
along the rails to detect the presence of a train in the interval between the transmitter 
and receiver. They may also be used for cab signaling in which the transmitter is 
located along the rail and the receiver is located on-board a locomotive for 
transmitting information from wayside to the locomotive, such as signal aspect 
information. 

[0083] Referring now to FIG. 7, an exemplary flow chart illustrates a method 
for detecting the presence and/or position of a railway vehicle within a detection area 
of a railroad track according to one embodiment of the invention. At 702 a first signal 
having a predetermined magnitude and a predetermined operating frequency is 
transmitted along the rails of the railroad track. The first signal being transmitted 
along the rails is received by, for example, a receiver at 704. At 706 a first analog 
signal that is representative of the transmitted first signal and the received first signal 
is generated. The first analog signal is converted into a plurality of first digital signals 
that correspond to the transmitted first signal and the received first signal at 708. At 
710 the first digital signals are processed to determine the frequency and magnitude of 
the transmitted first signal and the received first signal. Processing the first digital 
signals includes digitally filtering the first digital signals to determine if the frequency 
of the transmitted first signal is within a first passband frequency range. The 
processing also includes determining the impedance of the track as an indication of 
the presence and/or position of a train within an approach detection area when the 
received first signal is within the first passband frequency range. At 712 a second 
signal having a predetermined magnitude and a different predetermined operating 
frequency is transmitted along the rails of the railroad track. The second signal being 
transmitted along the rails is also received by, for example, the receiver at 714. At 
716 a second analog signal that is representative of the transmitted second signal and 
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the received second signal is generated. The second analog signal is converted into a 
plurality of second digital signals that corresponds to the transmitted second signal 
and the received second signal at 718. At 720 the second digital signals are processed 
to determine the frequency and magnitude of the transmitted second signal and the 
received second signal. Processing the second digital signals includes digitally 
filtering the second digital signals to determine if the frequency of the transmitted 
second signal is within a second passband range adjacent to the first passband 
frequency range. The processing also includes determining whether the magnitude of 
the received second signal is above or below a threshold value as an indication of the 
presence of a train within an island detection area when the received second signal is 
within the second passband frequency range. In one embodiment, the threshold value 
corresponds to a predetermined percentage of the transmitted voltage. 

[0084] For example, for a transmitted voltage of 1 00 mili-volts (mV), the 
threshold value may be 80% of the transmitted voltage (i.e. 80 mV). The 20 mV drop 
corresponds to expected resistance losses that occur during transmission of the signal 
over the rails. If the received second signal has a magnitude below 80 mV, it is 
assumed that a train is present in the island detection area. Alternatively, if the 
received second signal has a magnitude above 80 mV, it is assumed that a train is not 
in the island detection area. The above voltage magnitude and threshold value are for 
illustrative purposes only, and it is contemplated that various voltage magnitudes 
and/or threshold values could be used when implementing the invention. 

[0085] When introducing elements of the present invention or the 

embodiment(s) thereof, the articles "a," "an," "the," and "said" are intended to mean 
that there are one or more of the elements. The terms "comprising," "including," and 
"having" are intended to be inclusive and mean that there may be additional elements 
other than the listed elements. 

[0086] As various changes could be made in the above constructions without 
departing from the scope of the invention, it is intended that all matter contained in 
the above description or shown in the accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense. 



30 



